Method

Participants
The key target audiences were defined through an analysis of the characteristics of the audience currently engaged with the Redmap project. Three groups emerged from this analysis. Two priority groups, SCUBA divers and fishers, were identified as the most frequent contributors to data collection efforts. The third group encompassed all 'other' marine uses (such as beach walking, boating and sailing, etc.).
While activity type was the primary focus for targeting respondents, potential for regional differences also existed (such as seasonal effects on participation rates and acceptance of prevailing marine estate management regimes). In addition, latitudinal differences exist in climate change effects on marine ecosystems [Poloczanska et al., 2007] . For example, temperate southern regions are experiencing much greater rates of ocean warming than the tropical north of Australia [Hobday and Pecl, 2014] . As a consequence, the public in these areas may be more aware of the changes not only through their own observations, but also through increased media attention to these issues.
Since the aim was to gather a broad range of beliefs about participation in marine research, and that these beliefs may vary between regions, the decision was made to interview respondents in four key areas across Australia. These were the towns of Brunswick Heads, Byron Bay and Ballina in northern New South Wales (herein called the NSW sample), Townsville in Far North region of Queensland (herein called the QLD sample), Hobart and surrounds in Tasmania (herein called the TAS sample), and Perth and Busselton in Western Australia (herein called the WA sample).
Sampling instrument
A face-to-face structured interview [Bryman, 2012] was developed to ask questions around the following themes: -use of the marine environment (activities, frequency, preferences etc.); -beliefs about participating in a sightings-based marine citizen science project; -current, preferred and trusted information sources; -demographics.
Measure development
Marine use questions were developed to determine participation rates in marine activities, location and frequency. An additional question asked interviewees: Of all the activities you do in the marine environment, which one is the most important to you? This question was used to identify which activity group the respondent would most identify with, and was used as the key grouping variable in the data analysis.
Questions on beliefs about participation in marine citizen science were developed using the Reasoned Action Approach/Theory of Planned Behaviour (RAA/TPB) elicitation methodology [Ajzen, 1991; Fishbein and Ajzen, 2010] .
This approach is useful in helping understand the factors which influence behaviour. In this case, the behaviour is reporting sightings to a marine citizen science project. During the interviews respondents were presented with a hypothetical project modelled on Redmap. According to Fishbein and Ajzen [2010] , a hypothetical situation can be a valid approach to understanding behaviour.
Using the RAA/TPB framework, open-ended questions were asked concerning the respondent's beliefs about the behaviour (participating in the marine citizen science project by reporting sightings of marine species), injunctive and descriptive social norms and control. Behavioural beliefs are beliefs a person has about the outcomes (the advantages or disadvantages) of a particular behaviour. Injunctive norms are, in essence, the pressure a person feels from others who are important to them to perform the particular behaviour (in this case, it means the ability of others to influence whether you would report a sighting or not). Descriptive norms reflect the perception that others are behaving a certain way, whether they are or not (in this case, it is the perception that important people in your life are reporting sightings, or not). Control beliefs are beliefs about the degree to which a person can actually perform the behaviour, and the strength of their control over performing the behaviour (which in this case includes beliefs about factors which may help or prevent them from reporting sightings of marine species).
Interviewee's information sources were asked about in four different ways. First, respondents were asked on which online platforms (web sites, forums etc.) they see images of marine species posted by other marine users. This was to determine the popular methods for spreading information about sightings of marine species outside of a scientific context. Second, respondents were also asked where they currently receive 'correct' information about the marine environment. The term 'correct' was used to imply perceived truthfulness in the information, rather than strictly scientifically accurate information. This distinction is important to understand who and what sources of information are considered by marine users to be truthful or accurate. The third question asked them for their preferred way to receive correct information about the marine environment; while the fourth question asked which sources they trust the most for correct information. The list of possible sources were drawn up from information gained in recent Australian public opinion polls on science and technology [DBI, 2012; Searle, 2014] and an 'other' category was provided to capture any additional sources.
The majority of demographic questions were taken directly from the latest national census conducted in 2011 (retrieved from http://www.abs.gov.au). The questions used in the interviews are presented in the supplementary material.
Pilot testing and clarification of questions
Once the survey instrument was developed, it was pilot tested on 12 people who were known to the lead researcher to be involved in a variety of marine activities. Some minor adjustments to wording of the questions were made at this point, and the survey was sent to Liam Smith, Director of BehaviourWorks (a team of behaviour change researchers, based at Monash University) for comment. Following this, further minor changes were made to the order and wording of some questions. 
Sampling procedures
Number of interviewees. A minimum number of 25 respondents in each target group (fishers, divers and other marine users) were required to run statistical analysis on differences between the groups [Fishbein and Ajzen, 2010] . The sampling matrix achieved can be seen in Table 1 . While the majority of respondents were unaware of the Redmap project prior to the interview, 12 people who had previously logged sightings in Redmap were also interviewed to determine whether there were any different issues for this group. Of these, eight were in the Western Australian sample and four were in the Tasmanian sample.
Sampling approach. All interviews took place between May -August 2014. The stratified random sampling approach [Bryman, 2012] worked well for reaching 60% of the respondents directly. Respondents were identified according to their observed activity in the marine environment. This involved approaching people at fishing locations, boat ramps and through marine-related businesses (e.g. customers or staff in shops or clubs). Care was taken to talk to a wide range of ages, interests (e.g. people who fish occasionally from shore through to people who are heavily involved in professional or game fishing) and locations around the region. The additional 40% of respondents were gained through snowball sampling [Bryman, 2012] . This method was especially necessary for most of the diver interviews as it was difficult to access divers during the winter months of the sampling period.
Analysis
Use of the marine environment, information sources, and demographics. Simple frequencies and percentages were used to gain an overall picture of the types of activities, use of the marine environment, information sources and demographics of the sample group.
Beliefs about participation in marine citizen science. In this first stage of the application of the RAA/TPB, the researcher is concerned more about eliciting the range of beliefs from the sample population rather than being able to draw conclusions about the importance of each belief uncovered in the interview process [Fishbein and Ajzen, 2010] .
The behavioural, normative and control beliefs elicited during the interviews were subjected to a content analysis to draw out the salient themes [Fishbein and Ajzen, 2010] . To strengthen the reliability of the results, three researchers independently coded the open-ended responses to these questions [Bryman, 2012; Krippendorff, 2004b ]. An inter-coder reliability test was performed using Krippendorff's alpha α [Krippendorff, 2004a] , and confidence was determined by a bootstrapping routine using 10,000 samples. The results of each reliability test are presented at the end of each table of beliefs about participation.
Some caution may need to be applied in the interpretation of the results for the advantages of logging (i.e. reporting sightings) question as this was the only variable in the inter-coder reliability test which scored α < 0.8000. Further investigation of the coding revealed that one coder consistently coded this variable differently to the other coders. Time and funding restrictions meant that retraining and recoding were not possible, so the decision was made to drop this coder from the analysis for this variable only. When the reliability test was run on the two remaining coders, agreement between coders was found to be within acceptable limits (α = 0.8254).
Results
Background factors of respondents
Demographics. The sample of respondents varied widely in their age (15-74 years) and tertiary qualifications (43.6% had university-level qualifications). There were more males (n = 77) than females (n = 33), and female fishers were particularly difficult to locate (Table 1) .
Use of the marine environment. The reported activities were wide-ranging; with beach walking/beach combing being the most frequently mentioned activity in NSW (64.0%), TAS (73.7%) and WA (66.7%). The most popular activity in QLD was recreational fishing (83.3%). After beach walking, popular activities included fishing, snorkelling, SCUBA diving and swimming. The high popularity of fishing and diving is no surprise in this result, as fishers and divers were specifically targeted for the interviews.
Most respondents were very active in the marine environment, with the majority (63-76%) using it at least once a week in all states except Queensland where 43.3% visit at least once a week, and 43.3% visit at least once a month.
Beliefs about participation
Perceived advantages and disadvantages of reporting sightings. When asked what they saw as the advantages of logging (reporting) sightings of uncommon species, the majority of responses referred to increasing knowledge (Table 2 ). Many interviewees thought that it would increase scientific knowledge, provide information for the 'greater good', or increase their own knowledge. Raising public awareness about the marine environment was also seen to be a positive outcome, as was the protection or management of the ocean.
Almost half of the interviewees thought that there would be no disadvantages resulting from logging uncommon marine species (Table 2 ). The remaining half Increasing public awareness of marine environment "encourages other people's awareness of changes in the marine environment", "gets people engaged with their surroundings" 27 10.9
Helps to protect/manage marine environment "it would be rewarding to feel I'm playing a part in the protection of the marine environment", "helping identify invasive species early on" 24 9.7
Something interesting to do "it's interesting", "gives purpose to my activity" 14 5. Could impact on access to sites "potential for restrictions to access", "Fisheries might put a no fishing zone in the area that the uncommon fish was sighted in"
Unsure/untrusting of how data will be used to infer scientific results "if the data/information is misinterpreted", "what the Greens make of it -they'll make unscientific assumptions that lead to politics" 10 8.2
Logging could be really time consuming "the time it takes", "time it takes and potential pain it takes to log" 9 7.4
Could log wrong information "wasting the marine scientists' time by logging common species", "I might be providing false evidence" 8 6.6
Other "if I'm not recognised as the discoverer of the new species", "could frighten some people if they knew it was out there" *Probability (q) of failure to achieve an alpha of at least αmin = .8000 (q = .0000 for all variables at αmin = .7000) most often named only one or two disadvantages. Some were concerned about the impact on species should information on their location be made public, thereby resulting in species being targeted by poachers or collectors. A few respondents were concerned about the provision of information resulting in restrictions to their access to marine areas should the species or location be identified as needing protection. Several people also thought that the information provided by the public may not be all that useful from a scientific perspective. A few people also thought that logging sightings could be really time consuming or were concerned that they might log incorrect information and therefore waste scientists' time. *Probability (q) of failure to achieve an alpha of at least αmin = .8000 (q = .0000 for all variables at αmin = .7000)
Perceived social norms (injunctive and descriptive)
Respondents mentioned a range of people who may or may not influence their logging behaviour (Table 3) . People who would approve, or encourage, the interviewee to log a sighting (the positive injunctive norm) were thought to be primarily family and friends. While a clear majority of respondents (95 of the 110 interviewees) said there were no important people in their lives who would discourage (or disapprove of) them from logging a sighting (the negative injunctive norm), some fishers mentioned that certain other fishers in their social circles might discourage them from reporting uncommon species.
There was some confusion over the question of descriptive norms, and it became clear that although interviewees could identify others types of marine users who may be likely or unlikely to log sightings, it is not a commonly observed behaviour amongst marine users and therefore there are effectively no important people in the marine users' social networks who are demonstrating the desired behaviour. Therefore, the descriptive norms are irrelevant to this audience and this construct has been removed from the analysis.
Perceived facilitating factors and barriers to participation
Interviewees reported factors which would facilitate them to report sightings of uncommon marine species, as well as perceived barriers to logging (Table 4 ). The overwhelming majority of facilitating factors listed were to do with the design of the technological interface, that is, the website or mobile app. People said that it needed to be easy, user-friendly and quick to use, and have no problems or glitches in the system. Twelve percent of the comments were about information to help 10,000 *Probability (q) of failure to achieve an alpha of at least αmin = .8000 (q = .0000 for all variables at αmin = .7000) them work out whether a species was uncommon or not. Some interviewees also mentioned that mobile reception or internet connection at the time of the sighting would be necessary (it had not been explained to them that they could log sightings when they were back in mobile range). Having a camera available at the time of the sighting was seen to be an issue for some, especially since many do not take their cameras with them whilst diving or participating in other water-related activities. Other comments related to in situ issues such as having good weather, or good visibility (either under or above the water), to see the species in the first place.
Inhibiting factors, or barriers, are those which would make it difficult or prevent the person from logging a sighting. The results from this question are largely the reverse of the facilitating factors. That is, the most frequently mentioned potential barriers were considered to be the technical design (if the web site or mobile app is too difficult, time consuming etc), the availability of the internet connection, and in situ issues (such as weather). One exception is 'having time', which was reported by 32 respondents, meaning that these people felt the general 'busy-ness of life' could prevent them from logging a sighting. Interestingly, fewer people considered their knowledge of marine species to be a barrier than those who reported 'having better knowledge of species/ID charts' as a facilitating factor.
Information sources
The results from the questions about currently used and preferred information sources show interesting differences between preferences and actual use (Table 5) . While the majority (75.5%) of marine users appeared well connected via Facebook (reporting this is where they most often see others' images of marine species online), only 35.5% currently used Facebook as a source of 'correct' information about the marine environment. The internet featured as the most frequently mentioned (76.4%) source of correct information, while around half of the interviewees mentioned government agencies, friends and family, and television programs. The results of the most preferred method to receive correct information about the marine environment showed disparate responses. The most popular preference was for information on the internet (40.0%), followed by face-to-face interactions with others (14.5%). A little over half (52.8%) of the respondents listed government agencies, scientists or scientific organisations as their most trusted source of correct information.
Discussion
The results from the present study demonstrate the potential, as seen through the eyes of the public, for their participation in marine research to make genuine contributions to knowledge for science and society at large. The interview responses also strongly emphasise the importance of well-designed web sites and mobile apps for those who are voluntarily contributing data. When it comes to communicating information about the marine environment, this research also reminds us that although the internet now plays a key role in communication, face-to-face communication remains important to marine users.
The interviewees in this study, although relatively small in number, covered a broad range of interests in the marine environment. The larger number of males in the sample is not surprising given that other studies have also reported higher participation rates in marine activities for males than females [Australian Bureau of Statistics, 2012; Henry and Lyle, 2003] . The majority of respondents were highly active in the marine environment, and it is likely that their frequent use of the ocean may have made it easier to identify them in the sampling process. As a result, the sample is likely to under-represent people who are less active in marine settings, but for whom the oceans and beaches are no less important. Whether or not these people are interested in participating in marine citizen science is another question.
Beliefs about participation in marine citizen science
When asked about outcomes from logging uncommon marine species, many interviewees listed altruistic motivations. That is, many thought the main advantage was to increase knowledge for science or for the greater good. This finding is similar to that of a survey of people already participating in citizen science, albeit an online astronomy project [Raddick et al., 2013] . These findings bring up another question: why do they see this as a good outcome or advantage of their contribution? Perhaps it is linked with the high level of public interest in science and technology information in Australia [DBI, 2012; Lamberts, Grant and Martin, 2010; Searle, 2014] . The ability to increase one's own knowledge was also seen to be an advantage, and interviewees' passion for the marine environment was evident in their thoughts that their contribution would help raise awareness and help manage or protect this resource. The inclusion of these perceived outcomes may be beneficial in future communication strategies for increasing public engagement in projects.
Reporting sightings was generally seen as a good thing to do, with almost half of the respondents saying they did not perceive there to be disadvantages to logging uncommon species. A few people were worried about the potential for the information to be used to target species for poaching or collection, or to restrict access through the implementation of marine protected areas (MPAs). MPAs have become a contentious subject, particularly for recreational fishers, in several regions across Australia [Gledhill et al., 2014; Voyer, Gladstone and Goodall, 2014] and could possibly present a very real barrier for contribution of sightings from some fishers. This is an important consideration for marine citizen science projects, many of which aim to make the information they collect publicly available for the benefit of all.
Additionally, some respondents thought publically-collected data would not be robust enough to make scientifically sound decisions about changes in the marine environment. The interviewer noted that this attitude was largely held by those with a background in science. Riesch and Potter [2014] found that this attitude toward citizen science is relatively common amongst scientists, despite evidence to the contrary showing that public data collection can be a valuable and sometimes necessary tool for improving understanding of natural environments [Azzurro et al., 2013; Devictor, Whittaker and Beltrame, 2010; Dickinson et al., 2012; Jarvis et al., 2015; Robinson et al., 2015] .
An important element of project design which managers should be mindful of is the technological aspect. Marine users said they would need a simple, quick, user-friendly website or mobile app which was free from glitches. Should technological problems be encountered, many interviewees felt they would discontinue with the project. This presents a significant challenge for many marine citizen science projects which are often operating with low levels of funding, and sometimes a lack of technological expertise.
Other facilitating factors included the provision of information about marine species under investigation, and highlighting the importance of clarity of what the contributor is being requested to do for the project. By providing more information, not only is the citizen scientist more certain about what is required, but the project will be providing an opportunity for people to learn more, which was seen as an important reason for citizens to participate.
Inhibiting factors, or barriers, were largely the reverse of the perceived facilitating factors. The marine users were most concerned about the technical aspects of the project website or mobile app, once again highlighting the importance that systems operate easily for the end user. Some of the interviewee's concerns were to do with issues beyond the control of a citizen science manager (e.g. lack of internet connection (especially for mobile apps), in situ conditions such as the weather, or not having time to participate). In a practical sense, internet connection should not be an issue for people since most citizen science mobile apps are designed to store sighting records and send them once internet connection is established. However, what is important here is the interviewees' perception that a sighting would have to be logged at the exact time and location of the event. This is not the case in Redmap, or other similar projects, but is something which citizen science projects should be mindful of in their recruitment communication. Although most Australians have convenient access to the internet [Internet World Stats, 2012] , marine users who prefer to log sightings through a website may encounter unstable internet connection (particularly in regional and remote locations). If connectivity issues become too frustrating, people are unlikely to continue in their attempts to record species. While there is nothing a manager can do about this, or other perceived barriers (such as in situ or time pressures), they are nevertheless important to consider in the project design. Clearly, should these barriers present too much of a problem for people, the project will struggle to succeed.
Social norms (i.e. the influence of others) offer the possibility to generate more interest in citizen science participation; and in a marine setting, family and friends could be particularly influential. Communication strategies utilising these connections, such as encouraging the sharing of the project information via social media platforms such as Facebook, may prove to be a fruitful approach in a low-budget citizen science operation. While seeing other recreational peers logging sightings was rare, project communicators should consider showcasing the latest sightings. Research by Mugar, Osterlund, DeVries Hassman, Crowston, and Jackson [2014] demonstrates that new users can be drawn into participating in a citizen science project through seeing others' contributions to the project, thereby understanding the norms of practice within the group.
Information sources
Understanding the information sources used and preferred by the target audience for any communication of science is essential for successful engagement [Fischhoff, 2013] . The differences in responses to four different questions about information sources emphasise the importance of asking the right question in the first place. Most of the marine users in this study showed a high level of sharing marine species information on Facebook in a non-scientific context. Yet in their reporting of current sources of 'correct information' about the marine environment, Facebook was mentioned by only half of these people. This means that while Facebook may have an important role in spreading information, particularly through the social influence of family and friends, it should be used with some caution about the perceived accuracy of the information.
Government agencies, scientists and scientific organisations play an essential role as preferred and trusted sources of information, which comes as no surprise given the high level of trust Australians place in the information provided by scientists and scientific organisations [Searle, 2014] . However, it is important to note that although government agencies, scientists and scientific organisations were cited most frequently, only half of the respondents listed these as their most trusted source. The other half put their trust in a much wider pool of information providers, highlighting the importance of understanding trust issues for any particular audience.
Future research
This study investigates only one element of public involvement in marine science, that is, the perceived drivers and barriers for participation. These insights are necessary for the development questions which are relevant to the broader target audience in future research. It also allows for the wording of questions to be in the vernacular of the target audience; an important element in the creation of useful and successful survey questions [Cialdini, 2003; Greenhill et al., 2014] .
The next step in the application of the RAA/TPB (Fishbein & Ajzen, 2010) is to determine how important these drivers and barriers are to the wider target audience. When we understand this, we can adopt the course of action most likely to improve the degree and quality of public engagement through relevant messages and considered project design .
If we are to determine the potential for marine citizen science to improve the public's relationship with science, we will also need to ask how many people are interested in participating in the first place, and which aspects of projects they would prefer to engage with (such as data collection, analysing results and so on).
We will also need to understand differences between those who are interested in assisting citizen science, and those who are not [Cormick, 2014] . At this point in time, we are uncertain whether citizen science is likely to attract those who are currently unengaged or uninterested in science, or whether it is simply 'preaching to the converted'. In addition there are, of course, even more factors at play that help to explain public science engagement and it is encouraging to see social research being conducted around the globe on these matters [see, for example, Feist, 2012; Kazdin, 2009; Markowitz et al., 2013; Oppenheimer and Todorov, 2006; Stern, 2011] .
